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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated, 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The aligner characterized by having a deformation means to make the pattern side side 
of said mask transform into the maintenance device in which are the aligner which illuminates 
the pattern formed in the mask of a reflective mold with exposure light, and is imprinted on a 
substrate through the projection optics which is a non-calling cent rucksack to said mask side, 
and said mask is held, partially. 

[Claim 2] The aligner according to claim 1 characterized by equipping said deformation means 
with the driving means which carries out an attitude drive in the direction which carries out the 
abbreviation rectangular cross of two or more pins holding the tooth-back side of said mask, and 
said each pin in said pattern side, and being constituted. 

[Claim 3] The aligner according to claim 1 or 2 characterized by having the driving gear to which 
the synchronized drive of the mask stage holding said mask and the substrate stage holding said 
substrate is carried out with the velocity ratio according to the scale factor of said projection 
optics along the defined direction which carries out an abbreviation rectangular cross with the 
optical axis of said projection optics. 

[Claim 4] The aligner according to claim 3 which said projection optics is made into catoptric 
system, and is characterized by said exposure light being an approximate circle arc slit-like. 
[Claim 5] The aligner according to claim 4 characterized by said exposure light being Extreme 
Ultra Violet light. 

[Claim 6] An aligner given in either of claims 1-5 characterized by having a measurement means 
to measure the error of the image imprinted on said substrate, and making said pattern side 
transform based on the measurement result In said measurement means with said deformation 
means. 

[Claim 7] It is an aligner given in either of claims 1-6 which are further equipped with a detection 
means to detect the positional information of said pattern side about the direction of an optical 
axis of said projection optics, and are characterized by making said deformation means transform 
said pattern side based on said detected positional information. 

[Claim 8] In the exposure approach which imprints on a substrate the pattern formed in the 
mask of a reflective mold through the projection optics which is a non-calling cent rucksack to 
said mask side The exposure approach characterized by amending the image imprinted on said 
substrate by equipping the maintenance device in which said mask is held with the deformation 
means made to transform the pattern side side of said mask partially, and making said pattern 
side transform partially with this deformation means. 

[Claim 9] The exposure approach according to claim 8 characterized by measuring the distortion 
of the image imprinted on said substrate with a measurement means, and amending said image 
with said deformation means based on the result. 

[Claim 1 0] The exposure approach according to claim 8 or 9 characterized by imprinting said 
pattern on said substrate after it measures beforehand the error of the image imprinted on said 
substrate and said deformation means amends said image based on the result. 
[Claim 1 1] The exposure approach given in either of claims 8-10 characterized by said exposure 
light carrying out sequential deformation of the part currently irradiated by said pattern side with 
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said deformation means, moving said pattern side to said exposure light by making said mask 
drive in the direction along said pattern side. 

[Claim 12] The exposure approach given in either of claims 8-1 1 characterized by to change the 
exposure location of the approximate circle arc slit-like exposure light to said pattern side in the 
radiation direction to the core of said radii slit by making said projection optics into catoptric 
system, and making said exposure light into the shape of an approximate circle arc slit and 
making said pattern side transform into this in the direction which carried out the abbreviation 
rectangular cross with said deformation means. 

[Claim 1 3] The device manufacture approach characterized by including the process which 
imprints a device pattern on a sensitization substrate using the aligner of a publication to either 
ot claims 1-7. 

[Claim 14] The device manufacture approach characterized by including the process which 
imprints a device pattern on a sensitization substrate using the exposure approach of a 
publication to either of claims 8-12. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to an aligner, the exposure approach, and the 
device manufacture approach, and relates to the aligner, the exposure approach, and the device 
manufacture approach which are used in more detail in case circuit devices, such as a 
semiconductor device and a liquid crystal display component, are manufactured at a lithography 
process. 
[0002] 

[Description of the Prior Art] Now, in the manufacture site of a semiconductor device, mass- 
production manufacture of the circuit devices (D-RAM of 64M (megger) bit etc.) whose minimum 
line width is about 0.3-0.35 micrometers is carried out using the contraction projection aligner 
which made the illumination light i line of a mercury lamp with a wavelength of 365nm, and the 
so-called stepper. In coincidence, it had the degree of integration of 256M bit and a 10 (G) bit 
D-RAM class, and installation of an aligner for minimum line width to carry out mass-production 
manufacture of the circuit device of the next generation 0.25 micrometers or less has started. 
[0003] As an aligner for circuit device manufacture of the next generation, ultraviolet pulse laser 
light with a wavelength [ from a KrF excimer laser ] of 248nm, Or ultraviolet pulse laser light with 
a wavelength [ from an ArF excimer laser ] of 1 93nm is made into the illumination light. By 
scanning relatively the 1 -dimensional wafer as the mask, or the reticle (it being hereafter named 
the "reticle" generically) and the induction substrate with which the circuit pattern was drawn to 
the projection visual field of contraction projection optics Development of the scan mold aligner 
of the step and scanning method which repeat the scan exposure actuation which imprints the 
whole circuit pattern of a reticle in one shot field on a wafer, and the stepping actuation between 
shots is performed. 

[0004] By the way. the degree of integration of a semiconductor device was integrated further 
highly in the future, it was correct to have shifted to 40 bit from 1 G bit. the device rule in that 
case became 0.1 micrometers, i.e., 100 nmL/S extent, and the technical problem technical for 
corresponding to this has accumulated with the aligner using ultraviolet pulse laser light with an 
above-mentioned wavelength of 193nm as illumination light. 

[0005] pevelopment of the EUV aligner using the light (on these specifications, this light is also 
called "EUV (Extreme Ultra Violet) light") of a soft-X-ray field with a wavelength of 5-1 5nm as 
an exposure light has come to be started, and this EUV aligner recently attracts attention as a 
strong candidate with a minimum line width of 1 0Onm of a generation s aligner one after another 
[0006] 

[Problem(s) to be Solved by the Invention] However, the following problems exist in an aligner, 
the conventional exposure approach, and the conventional device manufacture approach which 
were mentioned above. Thus, in the aligner with which a severe precision is demanded, as a 
factor which an error produces, there are alignment precision (alignment precision) of a reticle 
and a wafer, positioning accuracy of a wafer stage including the so-called stepping precision, 
distortion of projection optics, etc.. and much more improvement is always demanded also about 
which factor. 
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[0007] Among these, the distortion of projection optics originates in the process tolerance of 
optical elements, such as a lens and a mirror, the assembly precision of projection optics etc In 
order to have improved distortion, in the aligner equipped with conventional usual transparency 
mold projection optics, the distortion corrector plate which becomes a location near a reticle 
from plate-like glass has been arranged, It carried out grinding this distortion corrector plate etc 
and distortion amendment in total of all the optical elements that constitute projection optics 
was performed. 

[0008] However, in the EUV aligner, on the wavelength (5-1 5nm) of the light used, since the 
matter which penetrates light efficiently without absorption does not exist, a reticle is also a 
reflective mold and projection optics also consists of reflective mold optical elements. For this 
reason, it is difficult to arrange a distortion corrector plate near the reticle etc. itself Therefore 
there was no approach of making it below into the level of a request of distortion besides raising 
the configuration precision of the one-sheet reflective mold optical element (mirror) of one 
sheet. In order to specifically hold down the distortion of the image formation optical system 
which consists of a reticle and projection optics to **5nm or less. 0.05 or less nm@rms of 
flatness must be made to all the optical elements (there are some which become the diameter of 
400mm in inside) of 4-6 sheets that constitute image formation optical system. 
[0009] Thus, In an EUV aligner, it is very difficult to stop distortion, and each amendment with 
error is difficult for the drawing error of the pattern formed In the reticle besides distortion the 
error by the shape of surface type of a reticle, the error by distortion of a wafer, etc This ' 
invention makes it a technical problem to offer the device manufacture approach that it was 
made in consideration of the above points, the distortion and the error of an image are amended 
It IS stabilized by applying the aligner which can raise exposure precision, the exposure approach 
[0010] aligners and the exposure approach, and a quality device can be manufactured. 

[Means for Solving the Problem] Invention concerning claim 1 illuminates the pattern formed in 
the mask (R) of a reflective mold with exposure light (EL). It is the aligner (10) imprinted on a 
substrate (W) through the projection optics (PO) which is a non-calling cent rucksack to said 
mask (R) side. It is characterized by having a deformation means (RT) to make the pattern side 
side of said mask (R) transform into the maintenance device (12) in which said mask (R) is held 
partially. 

[001 1] If a mask (R) is made to transform In the direction which intersects perpendicularly with a 
pattern side, the image which carries out image formation on a substrate (W) will run by the 
deformation means (RT). Since the mask (R) of this is a reflective mold, the variation rate of the 
direction which must irradiate the exposure light (EL) to a mask (R) from across inevitably and 
intersects perpendicularly with the pattern side of a mask (R) is because it appears as scale- 
factor change or location change on a substrate (W). Thus, distortion etc. can be amended by 
making a mask (R) transform partially with a deformation means (RT), and moving the image on a 
substrate (W) partially. 

[0012] In the exposure approach which imprints the pattern with which invention concerning 
claim 8 was formed in the mask (R) of a reflective mold on a substrate (W) through the 
projection optics (PO) which is a non-calling cent rucksack to said mask (R) side By equipping 
the maintenance device (12) in which said mask (R) is held with the deformation means (RT) 
made to transform the pattern side side of said mask (R) partially, and making said pattern side 
transform partially with this deformation means (RT) It is characterized by amending the image 
imprinted on said substrate (W). 

[0013] Thus, distortion etc. can be amended by making the part corresponding to the part which 
distortion etc. has produced in the pattern side side of a mask (R) deform partially with a 
deformation means (RT). and moving the image on a substrate (W) partially 
[0014] Invention concerning claim 13 is characterized by including the process which imprints a 
device pattern on a sensitization substrate (W) using the aligner (10) given in either of claims 1- 

[0015] Invention concerning claim 14 is characterized by including the process which imprints a 
device pattern on a sensitization substrate (W) using the exposure approach given in either of 
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claims 8-12. 

[0016] Thus, by manufacturing a device, a mask (R) will be made to transform partially with a 
deformation means (RT), distortion etc. will be amended, and where the precision of mask (R) 
original is maintained, a device pattern will be imprinted on a sensitization substrate (W) 
[0017] 

[Embodiment of the Invention] Hereafter, an example of the gestalt of operation of the aligner 
concerning this invention, the exposure approach, and the device manufacture approach is 
explained with reference to drawing 1 thru/or drawing 14 . 

[0018] The whole aligner 10 configuration concerning the gestalt of this operation is roughly 
shown in drawing 1 . This aligner 10 is a projection aligner which performs exposure actuation 
according to a step and a scanning method using the EUV light EL which is the soft-X-ray field 
with a wavelength of 5-1 5nm of 13.4nm, for example, wavelength, or 1 1.5nm light as an exposure 
light. Since the projection optics PO which projects perpendicularly on Wafer (a substrate, 
sensitization substrate) W the reflected light bundle from the reticle R as a mask is used with 
this operation gestalt so that it may mention later While calling the projection direction of the 
EUV light EL to Wafer W the direction of an optical axis of projection optics PO to below from 
this projection optics PO The direction which intersects perpendicularly the direction of [ in the 
space in drawing 1 ] with Y shaft orientations and space shall be explained as X shaft 
orientations in the field which intersects perpendicularly this direction of an optical axis with Z 
shaft orientations and this. 

[0019] This aligner 10 projecting some images of the circuit pattern drawn by the reflective mold 
reticle R as a mask on the wafer W as a substrate through projection optics PO By carrying out 
the relative scan of Reticle R and the wafer W in the direction (here Y shaft orientations) of one 
dimension to projection optics PO, the whole circuit pattern of Reticle R is imprinted by the step 
and the scanning method to each of two or more shot fields on Wafer W. 

[0020] An aligner 10 The light equipment 12 which injects the EUV light EL horizontally along the 
direction of Y, and the EUV light EL from this light equipment 12 are reflected. The clinch mirror 
M bent so that incidence may be carried out to the pattern side (inferior surface of tongue in 
drawing 1 ) of Reticle R by the predetermined angle of incidence theta (theta is taken as about 
50 mrad(s) here) (a part of illumination-light study system) The reticle stage RST holding Reticle 
R (mask stage), The projection optics PO which consists of the catoptric system which projects 
perpendicularly the EUV light EL reflected in respect of the pattern of Reticle R to the exposed 
field of Wafer W, It has the wafer stage (substrate stage) WST, a focal sensor (14a, 14b), the 
alignment optical system ALG, etc. holding Wafer W. 

[0021] Said light equipment 12 consists of the laser plasma light source 16 and a part of 
illumination-light study system (PRM, IM30), as shown in drawing 2 . The laser plasma light 
source 16 is equipped with the high power laser 20. such as an YAG laser by semiconductor 
laser excitation, and excimer laser, the condenser lens 22 which condenses laser beam L from 
this high power laser 20 at a predetermined condensing point, and the EUV light generating 
matter 24, such as a copper tape arranged at this condensing point. 

[0022] In such light equipment 12, if laser beam L from the high power laser 20 is irradiated by 
the EUV light generating matter 24 arranged at the condensing point of a condenser lens 22, this 
EUV light generating matter 24 becomes an elevated temperature with the energy of a laser 
beam, and it is excited by the plasma state, and in case it changes in the low potential condition, 
the EUV light EL will be emitted. In addition, the laser plasma light source 16 may not be 
restricted to a tape target, and may be other methods, such as a gas-jet target. Moreover, SOR 
may be used instead of the laser plasma light source 1 6. 

[0023] Thus, since the generated EUV light EL emits to an omnidirection, it is the purpose which 
condenses this and the parabolic mirror PRM is formed in light equipment 12, it is condensed and 
the EUV light EL is changed into the parallel flux of light by this parabolic mirror PRM. The EUV 
light reflex layer for reflecting EUV light is formed in the internal surface of this parabolic mirror 
PRM, and the cooling system 26 is attached in that rear face. Although the thing using a cooling 
liquid as a cooling system 26 is desirable from the point of cooling effectiveness, it is not limited 
to this. As for the material of a parabolic mirror PRM. the metal is suitable from the point of heat 
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conduction. Reflecting only the light of specific wavelength is known by using the multilayers 
which carried out the laminating of two kinds of matter by turns as an EUV light reflex layer 
currently formed in the front face of a parabolic mirror PRM. For example, if Molybdenum Mo and 
dozens of layers silicon Si are coated, EUV light with a wavelength of about 13.4nm will be 
reflected alternatively, and it is known that the multilayers which coded molybdenum and dozens 
of layers beryllium by turns will reflect EUV light with a wavelength of about 1 1 .5nm alternatively. 
In order for the light of the wavelength which is not reflected to be absorbed by multilayers etc. 
and to change to heat, the temperature of a parabolic mirror PRM rises. In order to cool this 
parabolic mirror PRM, said cooling system 26 is needed. The cross-section configuration 
perpendicular to the optical axis of the EUV light EL changed into parallel light by the parabolic 
mirror PRM is circular, and intensity distribution are a uniform parallel light. 
[0024] In light equipment 12. the wavelength selection aperture 30 arranged at the method side 
of method Kogo of advance of the EUV light EL of the lighting mirror IM which reflects the EUV 
light EL changed into the further above-mentioned parallel light, and is deflected towards the 
direction of the clinch mirror M of drawing 1 . and this lighting mirror IM (space right-hand side in 
^■•^wing 2 ) IS formed. The near field where the EUV light EL is irradiated is made into a curved 
surface, and the reflecting layer which changes from the multilayers which carried out the 
laminating (it is dozens of layer coating about for example, molybdenum Mo and Silicon Si) of two 
kinds of matter by turns to the front face of that curved surface is formed, and the lighting 
mirror IM is designed so that the EUV light reflected by this reflecting layer may become the 
shape of an exactly long and slender slit on Reticle R. 

[0025] It corresponds in the direction which intersects perpendicularly with the longitudinal 
direction of a radii-like lighting field (lighting field of a configuration which took out a part of ring- 
like lighting field) which has the predetermined area which illuminates the pattern side of Reticle 
R which the vertical direction in space of drawing 2 mentions later, and which is mentioned later 
and the pattern side of Reticle R is a focal plane exactly. In this case, since the source of 
luminescence of the EUV light EL has the magnitude of finite, even if it says that the pattern 
side of Reticle R is a focal plane, on that focal plane, the EUV light EL has width of face of 1 to 
about 10mm. Therefore, although a radii-like lighting field is illuminated, it is not too said that it is 
thin. The cooling system 26 mentioned above and the same cooling system 28 are formed in the 
rear-face side of the reflector of the lighting mirror IM. 

[0026] Said wavelength selection aperture 30 is formed here in order to cut the light. The EUV 
reflective film with which this consists of multilayers has quite sharp wavelength selection nature 
to the wavelength of the EUV light neighborhood, and although only the specific wavelength used 
for exposure is reflected alternatively, the light, ultraviolet radiation, etc. will be reflected 
similarly. If this is led to Reticle R and projection optics PO, the mirror (about these, it mentions 
later) which constitutes Reticle R and projection optics PO for excessive energy tends to 
generate heat, or when the worst, for a certain reason, a possibility of an unnecessary light being 
imprinted and causing degradation of an image on Wafer W also tends to prevent generating of 
this situation. 

[0027] The condition of having seen the light equipment 12 shown in drawing 2 from the direction 
1 side (left-hand side in drawing 2 ) of Y is shown in drawing 3 . In this drawing 3 , the clinch 
mirror M shown in drawing 1 is in the back side of space. Although the reflector of the lighting 
mirror IM does not appear in drawing 3 , when it sees from the space back side of drawing 3 it 
is carrying out the shape of a rectangle. That is, at drawing 2 , by drawing 3 which is a concave 
bend side and this left side view, since It is a rectangle, the reflector of the lighting mirror IM will 
carry out the same configuration as a part of cylindrical inner skin. In this case, within the space 
of drawing 3 , although it converges within the space of drawing 2 , since the EUV light EL is still 
parallel light, it serves as the die length of the longitudinal direction of the circular lighting field 
which the die length of the longitudinal direction in drawing 3 mentions later. In addition, as 
above-mentioned, even if it calls it parallel, since the magnitude of the light source is limited, a 
spatial coherency does not necessarily call it zero. 

[0028] Although illustration is omitted by drawing 1 in drawing 1 , as shown in fact at drawing 4 . 
return and said reticle stage RST are arranged at the reticle stage base 32 top arranged along 
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XY flat surface, and surfacing support is carried out by the magnetic levitation mold two- 
dimensional linear actuator (driving gear) 34 on this reticle stage base 32 at it. While driving this 
reticle stage RST by predetermined stroke in the direction of Y by the magnetic levitation mold 
two-dimensional linear actuator 34. the minute jamount drive of it is carried out also in the 
direction of X. and the direction (hand of cut of the circumference of the Z-axis) of theta. 
Moreover, this reticle stage RST is constituted that only a minute amount can be driven by the 
magnetic levitation mold two-dimensional linear actuator 34 also in the Z direction and the 
inclination direction (hand of cut of the circumference of the X-axis and a Y-axis) over XY side. 
[0029] The permanent magnet (illustration abbreviation) is prepared, said magnetic levitation 
mold two-dimensional linear actuator 34 is constituted by this permanent magnet and coil 34a 
spread around in the XY two-dimensional direction on the reticle stage base 32. and the location 
and attitude control of the direction of six dimension of a reticle stage RST are performed at the 
pars basilaris ossis occipitalis of the periphery of a reticle stage RST by controlling the current 
passed to coil 34a with a control device (with no illustration). 

[0030] The reticle stage RST is equipped with the stage body 35 holding the periphery of the 
reticle holder (maintenance device) RH and the reticle holder RH which counters the reticle 
stage base 32 and holds Reticle R, and the temperature control section 36 for being prepared in 
the tooth-back side (top-face side) of the reticle holder RH inside the stage body 35, and 
controlling the temperature of this reticle holder RH so that it may expand to drawing 4 and may 
be shown. The reticle holder of an electrostatic chuck type is used as said reticle holder RH. It is 
because the aligner 10 of this operation gestalt is held in the non-illustrated vacuum chamber in 
fact and the reticle holder of a vacuum-chuck type cannot be used from the relation for which 
this uses the EUV light EL as an exposure light for this reason. The material of the reticle holder 
RH does not interfere by the object currently used with conventional DUV or conventional VUV 
aligners, such as low thermal expansion glass and a ceramic. 

[0031] Two or more temperature sensors 38 are arranged at intervals of predetermined, the 
temperature of Reticle R is correctly measured with these temperature sensors 38 by the reticle 
adsorption side of the reticle holder RH, and temperature control which maintains the 
temperature of Reticle R at predetermined target temperature in the temperature control 
section 36 based on this measurement temperature is carried out to it. The liquid cooling of the 
form which draws a cooling liquid through a flexible tube as a cooling system which constitutes 
this temperature control section 36 from the outside, the method using an electronic device like 
a Peltier device, the method using heat exchangers, such as a heat pipe, etc. are further 
employable. 

[0032] The reflective film which reflects EUV light is formed in the front face (pattern side) of 
Reticle R. This reflective film is the multilayers to which the laminating of two kinds of matter 
was carried out by turns. Here, the reflective film of about 70% of reflection factors is formed to 
EUV light with a wavelength of 1 3.4nm using the multilayers of Molybdenum Mo and Silicon Si. 
Patterning of the matter which absorbs EUV light on this reflective film is applied and carried out 
to the whole surface. Since redo becomes possible to the restoration when failing when 
patterning of a reflective body like multilayers was carried out being impossible in case of the 
approach of preparing and carrying out patterning of the absorption layer, pattern restoration is 
attained. Since the matter of most which exists really does not reflect EUV light, it can use for 
an absorption layer. With this operation gestalt. since a laser interferometer (RIFZ1-RIFZ3) is 
used in order to measure the Z direction location of Reticle R so that it may mention later, the 
absorption layer is formed with matter with which a reflection factor comparable as said 
reflecting layer is obtained to the measurement beam (light of a visible region) from these laser 
interferometers. In addition, it is mentioned that secular change according to the adhesion to a 
reflecting layer, oxidation, etc. in the ease of carrying out of patterning are small as criteria of 
selection of this absorption stratification ingredient etc. 

[0033] An example of Reticle R is shown in drawing 5 . The field of the rectangle which exists in 
the center in drawing is pattern space PA. It is the circular lighting field lA where the EUV light 
EL whose radii-like field where the slash was given is exposure light is irradiated. Here, because 
many aberration of the projection optics PO mentioned later can use only the smallest field, it 
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exposes using a radii-like lighting field. Moreover, the reticle alignment marks RM1-RM6 as an 
alignment mark are formed in the direction both ends of X of pattern space PA of Reticle R at 
intervals of predetermined along the direction of Y. The reticle alignment mark RM 1 RM4 and 
RM2, and RMS, RM3 and RM6 are arranged along about X directions, respectively 
[0034] When using the radii-like lighting field lA so that clearly from drawing 5 . since it is not 
realistic to perform one-shot exposure (quiescence exposure), as it mentions later, scan 
exposure is performed with this operation gestalt. 

[0035] Since a reflecting layer is formed in the front face as mentioned above. Reticle R does 
not ask especially the material of the reticle R itself. As a material of Reticle R. low thermal 
expansion glass, quartz glass (for example, the synthetic quartz with which zero DEYUA (trade 
name) of a shot company. ULE (trade name) of Corning. Inc.. and a fluorine were doped is 
included), the ceramics, a silicon wafer, etc. can be considered, for example. Using the same 
material as the material offer example, the reticle holder RH as a material of Reticle R as 
criteria of selection of this material is mentioned. In this case, although it originates in the 
temperature rise by the exposure of the EUV light EL for exposure etc. and thermal expansion 
arises in Reticle R and the reticle holder RH, since only the same amount will expand if both 
materials are the same, there is a merit that the force (thermal stress) which is going to shift 
among both does not work. The same effectiveness will be acquired if not only this but the 
matter which had the same coefficient of linear expansion even if it was different matter Is used 
as a material of Reticle R and the reticle holder RH. For example, it is possible to use SiC 
(silicon carbide) for Reticle R at a silicon wafer and the reticle holder RH. When a silicon wafer is 
used as a material of Reticle R. there is also an advantage said that process units such as 
pattern drawing equipment, and a resist coater. an etching system, etc. can use it as it is With 
this operation gestalt. the reticle holder RH is formed by SiC for this reason, using a silicon 
wafer as a material of Reticle R. 

[0036] And as shown in drawing 6 . the reticle adsorption side of said reticle holder RH is 
equipped with the reticle surface deformation device (deformation means) RT The reticle 
surface deformation device RT consists of adsorption pins 37 arranged in the field along a reticle 
front face. L many ] Each adsorption pin 37 carries out electrostatic adsorption of the tooth back 
of Reticle R, and the attitude drive of this is carried out by actuators (with no illustration) such 
as a piezo-electric element, in Z shaft orientations, i.e.. the direction which carried out the 
abbreviation rectangular cross on the front face of Reticle R. Thereby, the reticle surface 
deformation device RT has composition which can be made to transform the pattern side of 
Reticle R into Z shaft orientations partially by making Z shaft orientations drive some adsorption 
pins 37 with an actuator (with no illustration) while holding Reticle R by the tooth-back side bv 
many adsorption pins 37. 

[0037] Moreover, each adsorption pin 37 can be moved slightly also in the direction parallel to 
the front face of Reticle R. 

[0038] Since projection optics PO Is a non-calling cent rucksack at Reticle R side when Z shaft 
orientations are made to drive the adsorption pin 37 by the reticle surface deformation device 
RT and a part of reticle R is made to transform. As shown in drawing 7 . in the part displaced to 
Z shaft orientations according to deformation, the imprint location in the exposure field SA of 
the shape of radii on the wafer W corresponding to the circular lighting field lA (refer to drawing 
13 ) becomes what (it shifts and moves) is shifted in the radiation direction to the core of a 
radiHike field. This is because the circular lighting field lA is set up so that it may be illuminated 
through a concentric circle top location (an optical property is designed by homogeneity) from 
the core of the optical element (mirror) which constitutes projection optics PO so that the EUV 
light EL can use only the smallest field of many aberration of projection optics PO 
[0039] When deformation of the reticle R by the reticle surface deformation device RT and the 
shift of an imprint location are considered here, for example in drawing 8 , strike slip epsilon of 
the circuit pattern drawn on the reticle R to displacement deltaZ of the Z direction of 50mrad(s) 
then the pattern side of Reticle R in the angle of incidence theta (= outgoing radiation angle 
theta) is expressed with a degree type (1 ). 
Epsilon=deltaZ-tantheta .... (1) 
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When Reticle R displaces 1 micrometer In the vertical direction (Z direction) of drawing 8 , for 
example, the strike slip of the image in a reticle pattern side is set to about 50nm and the 
projection scale factor of projection optics PO is set to 4:1 from this formula (1), on Wafer W. it 
turns out that the 1 2.5nm image shift of that quadrant arises. By the reticle surface deformation 
device RT, image amendment is performed using this image shift. 

[0040] As shown in drawing 4 , under the reticle R (incidence side of EUV light), inside the reticle 
stage base 32, the working blind 42 and the slit plate 44 as a field diaphragm approach, and are 
arranged at Reticle R. 

[0041] Although it is easy to be natural [ the slit plate 44 ] even if it specifies the radii-like 
lighting field lA and is fixed to projection optics PO, in this operation gestalt, this slit plate 44 is 
constituted possible [ a drive ] by the drive 46 as a change device containing a motor etc. The 
top view of this slit plate 44 and its drive 46 is shown in drawing 9 . 1 st slit 44a as the 1 st 
opening which specifies the lighting field (the 1st lighting field) lA of the shape of radii on the 
reticle R by which the EUV light EL as an exposure light is irradiated to the slit plate 44, It has 
2nd slit 44b as the 2nd opening which specifies the 2nd lighting field where the EUV light EL for 
exposure is irradiated by the alignment mark RM 1 and RM4 (or RM2, and RMS, RM3 and RM6) 
part which were formed in the both sides of pattern space PA of the reticle R shown in drawing 
5 . 

[0042] Return and said working blind 42 are for preventing that the redundancy circuit part is 
contained in the lighting field lA imprinting the redundancy circuit pattern drawn in the same 
reticle R to Wafer W, and migration of the direction of Y is controlled by this operation gestalt by 
drawing 4 with a drive 46 synchronizing with migration of the direction of Y of a reticle stage 
RST. In this case, since Reticle R begins to scan starting of the working blind 42, it may be 
begun like Reticle R to scan it, and it may begin to move according to the pattern which should 
hide a target approaching. 

[0043] drawingj. — return and said projection optics PO — like the above -- from the reflected 
light study component (mirror) of about two or more sheets, for example, 3-6 sheets, — 
changing -- an image surface side — a tele cent — rucksack catoptric system is used and the 
thing 1/4 time the projection scale factor of this is used here. Therefore, it is reflected by 
Reticle R, and projection optics PO contracts to a quadrant and the EUV light EL including the 
pattern information drawn on Reticle R is irradiated on Wafer W. 

[0044] Here, projection optics PO is explained more to a detail using drawing 10 . Projection 
optics PO consists of a total (reflected light study component) of four mirrors, the 1st mirror Ml 
which carries out sequential reflection of the EUV light EL reflected by Reticle R, the 2nd mirror 
M2, the 3rd mirror M3. and the 4th mirror M4. and a lens-barrel PP holding these mirrors M1-M4. 
The reflector of said 1st mirror Ml and the 4th mirror M4 has the configuration of the aspheric 
surface, the reflector of the 2nd mirror M2 is a flat surface, and the reflector of the 3rd mirror 
M3 serves as a spherical-surface configuration. About 1/50 to 1/60 or less process tolerance of 
exposure wavelength is realized to a design value, and each reflector has only an error 0.2 to 
0.3nm or less at an RMS value (standard deviation). The material of each mirror is low thermal 
expansion glass or a metal, and the reflecting layer to EUV light is formed in the front face of the 
multilayers which piled up two kinds of the same matter as Reticle R by turns. 
[0045] In this case, the hole is vacated for the 4th mirror M4 so that the light reflected by the 
1st mirror Ml can reach the 2nd mirror M2. The hole is established in the 1st mirror Ml so that 
the light similarly reflected by the 4th mirror M4 can reach Wafer W. Of course, it is good also as 
a configuration which does not vacate a hole but has notching which can pass the flux of light 
for the appearance of a mirror. 

[0046] Return and said wafer stage WST are arranged by drawing 1 at the wafer stage base 60 
top arranged along XY flat surface, and surfacing support is carried out by the magnetic 
levitation mold two-dimensional linear actuator (driving gear) 62 on this wafer stage base 60 at 
it. While driving this wafer stage WST by predetermined stroke in the direction of X. and the 
direction of Y by said magnetic levitation mold two-dimensional linear actuator 62. the minute 
amount drive of it is carried out also in the direction (hand of cut of the circumference of the Z- 
axis) of theta. Moreover, this wafer stage WST is constituted that only a minute amount can be 
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driven by the magnetic levitation mold two-dimensional linear actuator 62 also in the Z direction 
and the inclination direction (hand of cut of the circumference of the X-axis and a Y-axis) over 
XY side. 

[0047] The permanent magnet (illustration abbreviation) is prepared in the base of the wafer 
stage WST, said magnetic levitation mold two-dimensional linear actuator 62 is constituted by 
this permanent magnet and the coil (illustration abbreviation) spread around in the XY two- 
dimensional direction on the wafer stage base 60, and the location and attitude control of the 
direction of six dimension of the wafer stage WST are performed by controlling the current 
passed in said coil with the control unit (with no illustration) mentioned later. 

[0048] The wafer holder which is not illustrated [ of an electrostatic chuck method ] is laid in the 
top face of the wafer stage WST, and adsorption maintenance of the wafer W is carried out by 
this wafer holder. Moreover, mirror plane processing is performed to the side face of a side 
besides the direction of Y in drawing 1 of this wafer stage WST, and reflector 74a to the light of 
a visible region is formed in it. Moreover, although illustration is omitted in drawing 1 , as shown 
in drawing 1 1 . mirror plane processing is performed also to the side face by the side of the 
direction 1 of X of the wafer stage WST. and reflector 74b to the light of a visible region is 
formed in it. 

[0049] The space image measuring instrument FM for performing measurement (the so-called 
base-line measurement) of the alignment optical system ALG the location where the pattern 
drawn by Reticle R is projected on the Wth page of a wafer, and relative-position-related etc. is 
formed in the end section on the top face of wafer stage WST. This space image measuring 
instrument FM is equivalent to the reference mark plate of the aligner which uses DUV, a 
conventional VUV aligner, i.e., KrF excimer laser, or conventional ArF excimer laser. 
[0050] The top view of this space image measuring instrument FM and drawing of longitudinal 
section are shown in drawing 1 2 (a) and (b), respectively. As shown in these drawings, the slit 
SLT as opening is formed in the top face of the space image measuring instrument FM. Pattern 
NINGU of this slit SLT is carried out at the reflecting layer 64 of the EUV light formed in the 
front face of the fluorescence generating matter 63 of the predetermined thickness fixed to the 
top face of the wafer stage WST. In addition, it may replace with a reflecting layer 64. an EUV 
absorption-of-light layer may be prepared, and opening may be formed in this absorption layer. 
[0051] Opening 66 is formed in the top-face plate of the wafer stage WST of the lower part of 
said slit SLT, and the optoelectric transducers PM, such as a photomultiplier, are arranged inside 
the wafer stage WST which counters this opening 66. Therefore, if the EUV light EL is irradiated 
by the space image measuring instrument FM from the upper part through projection optics PO, 
the EUV light which penetrated Slit SLT will reach the fluorescence generating matter 63, and 
this fluorescence generating matter 63 will emit light with long wavelength compared with EUV 
light. Light is received by the optoelectric transducer PM and this light is changed into the 
electrical signal according to that luminous intensity. The output signal of this optoelectric 
transducer PM is also supplied to a control unit (with no illustration). 

[0052] In this aligner 10, that location to projection optics PO is correctly measured by the 
interferometer systems 70 as shown in drawing 1 1 . These interferometer systems 70 are 
constituted including four laser interferometers RIFX1, RIFX2, RIFY1, and RIFY2 which measure 
the location within XY side of a reticle stage RST, and four laser interferometers WIFX1, WIFX2, 
WIFY1. and WIFY2 which measure the location within XY side of the wafer stage WST. 
[0053] Interferometers RIFX1. RIFX2, RIFY1, RIFY2, WIFX1, WIFX2. WIFY1. and WIFY2 are 
measurement beams (the sign which gave "M" to the tail of the sign of an interferometer is 
attached among drawing.) to the reflectors 40a and 40b of a reticle stage RST. or the reflectors 
74a and 74b of the wafer stage WST. for example, the fixed mirrors (reference mirror) 72a (refer 
to drawing 1 ). 72b, 76a, and 76b attached in the lens-barrel PP of projection optics PO while 
the measurement beam of an interferometer RIFX1 projected the sign "RIFY1M" — a reference 
beam ("R" is given to the tail of the sign of an interferometer like the measurement beam.) For 
example, the reference beam of an interferometer RIFX1 measures the relative position of the 
direction of Y of the reticle stage RST to the fixed mirrors 72a. 72b. 76a, and 76b in the 
projection location of the measurement beam, or the wafer stage WST, and the direction of X by 
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projecting a sign "RIFY1R" and receiving each reflected light. And based on the measurement 
value of these interferometers RIFX1, RIFX2, RIFY1. RIFY2, WIFX1. WIFX2, WIFY1, and WIFY2, 
the location and angle of rotation of a reticle stage RST or the wafer stage WST are measured. 
And based on the measurement result in interferometer systems 70, attitude control of a reticle 
stage RST and the wafer stage WST is performed automatically. 

[0054] Laser interferometer RIFZ for reticle side measurement as a metering device which 
measures the location of the Z direction (the 1st shaft orientations) of Reticle R is prepared in 
the lens-barrel PP of the projection optics PO which serves as criteria of all measurement of 
return and the eight above-mentioned interferometers at drawing 1 . Although three of laser 
interferometers RIFZl, RIFZ2, and RIFZ3 are arranged at intervals of predetermined and they are 
being fixed to Lens-barrel PP as this laser interferometer RIFZ is shown in drawing 1 1 in fact, 
these are typically shown by drawing 1 (and drawing 4 ) as laser interferometer RIFZ. 
[0055] As shown in drawing 1 , the measurement beam from these laser interferometers RIFZl - 
RIFZ3 The exposure field of the EUV light EL for exposure on which it is projected by the 
predetermined angle of incidence theta through the clinch mirror M in the pattern side of Reticle 
R, That is, it is projected by three points from which it differs in the radii-like lighting field lA in 
the pattern side of Reticle R through an optical path parallel to the Z direction which takes an 
incident light way of the EUV light EL for exposure, and the lead in an outgoing radiation optical 
path (reflected light way) (refer to drawing 1 and drawing 4 ). For.this reason, the laser 
interferometers RIFZl. RIFZ2. and RIFZ3 Without affecting the EUV light EL for exposure which 
carries out incidence to the pattern side of Reticle R from across by the predetermined incident 
angle theta, and is reflected in it on the same outgoing radiation square as an incident angle And 
it is possible to measure the Z direction location of Reticle R with high degree of accuracy (for 
example, precision of several nm - Inm or less), without an interferometer measurement beam 
having effect done by the EUV light EL for exposure. 

[0056] And it is based on the predetermined positional information for adjustment measured by 
at least one of the laser interferometers RIFZl, RIFZ2, and RIFZ3 for reticle side measurement. 
So that spacing of the projection optics PO under exposure (under the imprint of a reticle 
pattern) and the pattern side of Reticle R may always be kept constant Controlling the magnetic 
levitation mold two-dimensional linear actuator 34 shown in drawing 4 , and adjusting the location 
of the direction of an optical axis of the projection optics PO of Reticle R (the 1 st shaft 
orientations, Z direction) In accordance with Y shaft orientations (the 2nd shaft orientations), the 
synchronized drive of a reticle stage RST and the substrate stage WST is carried out. 
[0057] This Z direction location of the wafer W on the basis of Lens-barrel PP as shown in 
drawing 1 on the other hand is measured by the focal sensor 14 of the oblique incidence light 
type fixed to projection optics PO, It is fixed to the column which is not illustrated holding Lens- 
barrel PP, and it is fixed to a non-illustrated column as well as light transmission system 14a 
which irradiates the detection beam FB from across to the Wth page of a wafer, and this focal 
sensor 14 consists of light-receiving system 14b which receives the detection beam FB 
reflected with the Wth page of a wafer. As this focal sensor, the multipoint focal location 
detection system indicated by JP,6-283403,A etc., for example is used. It is important for this 
focal sensor 14 (14a. 14b) to be fixed in one with Lens-barrel PP. The inclination to a wafer W 
front face, and spacing of projection optics PO and XY flat surface is measured, and the wafer 
stage WST is controlled by this focal sensor (14a, 14b) so that spacing of a wafer W front face 
and projection optics PO and parallelism always become fixed through the magnetic levitation 
mold two-dimensional linear actuator 62 based on it. 

[0058] Furthermore, said alignment optical system ALG is being fixed to the side face of 
projection optics PO with this operation gestalt. Various things, such as an image formation type 
alignment sensor which irradiates broadband light at the alignment mark on Wafer W (or the 
space image measuring instrument FM), receives that reflected light as this alignment optical 
system ALG. and performs mark detection with an image-processing method, an alignment 
sensor of the UA (Laser Interferometric Alignment) method which irradiates a laser beam at a 
grid mark and detects the diffracted light, and a scan mold probe microscope like AFM (atomic 
force microscope), can be used. 
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[0059] Next, actuation of the exposure process by the aligner 10 concerning this operation 
gestalt constituted as mentioned above is explained. 

[0060] First of all, the distortion of projection optics PO is measured with a measurement means. 
As a measurement means used here, there is a space image measuring instrument FM formed on 
the wafer stage WST. In order to measure distortion with this space image instrumentation FM, 
the EUV light EL for exposure changes the slit plate 44 to the location (the 2nd location) which 
can irradiate 2nd slit 44b with a drive 46. Subsequently, the location of the wafer stage WST and 
a reticle stage RST is controlled through the magnetic levitation mold two-dimensional linear 
actuators 62 and 34, While irradiating the reticle alignment marks RM1, RM4, RM2, RMS, RM3, 
and RM6 drawn on Reticle R with the EUV light EL for two each exposure one by one It asks' for 
the projection location to the Wth page top of the wafer of a reticle pattern image by detecting 
the projection image to the Wth page top of the wafer of the reticle alignment marks RM1, RM4. 
RM2, RMS, RMS, and RM6 with the space image instrumentation FM. And distortion is measured 
by the comparison (difference) with the location of the projection image of the reticle alignment 
marks RM1, RM4. RM2, RMS, RM3, and RM6. and each design location. 

[0061] Besides this, as a measurement means, proof print of the reticle alignment marks RM1, 
RM4, RM2, RMS, RM3, and RM6 on Reticle R is carried out on a dummy wafer, the location of the 
resist pattern which develops the wafer and is obtained can be measured, and the approach of 
asking for distortion quantitatively can also be adopted by comparing with Reticle R. 
[0062] Thus, based on the measured distortion, the part in Reticle R which should be amended, 
and its amount of amendments are determined. And Z shaft orientations are made to drive the 
adsorption pin 37 of the position of the reticle surface deformation device RT. and only the part 
which should be amended in Reticle R is made to transform according to the amount of 
amendments. 

[0063] the adsorption pin 37 which is sticking to that tooth back according to deformation of 
Reticle R since each adsorption pin 37 can be moved slightly also in the direction parallel to the 
front face of Reticle R at this time — a longitudinal direction — minute dimension ************ 
— although it becomes things, this can be permitted and gap of Reticle R etc. can be prevented. 
In addition, when making a part of reticle R transform by the drive of the adsorption pin 37, the 
electrostatic adsorption in other adsorption pins 37 located in the periphery side of Reticle R is 
once canceled, and you may make it make it re~adsorb after completion of a drive rather than 
the part made to deform. Thereby, Reticle R can be made to transform with a sufficient 
precision, without pulling Reticle R horizontally at the time of deformation. If it furthermore says, 
when making Reticle R transform by the adsorption pin 37, you may make it once cancel 
electrostatic adsorption in the adsorption pin 37 located in the periphery side of the adsorption 
pin 37 which should be driven, as it is made to make the sequential adsorption pin 37 drive 
towards a periphery side from the core of Reticle R and being described above at this time. 
[0064] On the other hand in the laser interferometers RIFZ1, RIFZ2, and RIFZ3 which measure 
the Z direction location of Reticle R, it verifies whether Reticle R displaced only the specified 
quantity, and feedback control is performed. 

[006S] Thus, where Reticle R is amended, it exposes with the EUV light EL. Then, in the part 
which Reticle R displaced to Z shaft orientations, in order that the imprint location in the 
exposure field SA of the shape of radii on the wafer W corresponding to the circular lighting field 
lA (refer to drawing 13 ) may shift from the core of a radii-like field in the direction which met in 
the radiation direction, it is in the condition that the distortion of the projection image on Wafer 
W was amended, and exposure will be performed. If this exposure process is explained more 
concretely, while positioning the wafer stage WST to the scan starting position of the 1 st shot 
through the magnetic levitation mold two-dimensional linear actuator 62. carrying out the 
monitor of the positional information from said interferometer systems 70. a reticle stage RST is 
positioned to a scan starting position through the magnetic levitation mold two-dimensional 
linear actuator 34, and that 1 st-shot scan exposure is performed. On the occasion of this scan 
exposure, the rate of both stages is controlled by the control device (with no illustration) so that 
the velocity ratio of a reticle stage RST and the wafer stage WST is correctly in agreement with 
the projection scale factor of projection optics PO through the magnetic levitation mold two- 
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dimensional linear actuators 34 and 62, and exposure (Imprint of a reticle pattern) is performed in 
the state of the uniform synchronization of the velocity ratio which both stages require. In this 
way, termination of the 1st-shot scan exposure performs stepping actuation between the shots 
which move the wafer stage WST to the scan starting position of the 2nd shot. And the 2nd- 
shot scan exposure is performed like in this case, the 1st shot and the direction of scan 

exposure with the 2nd shot are opposite sense in order to omit the actuation which returns a 
reticle stage RST and to aim at improvement in a throughput, namely, when the 1 st-shot 
exposure is performed with the sense of the 1 side on a Y-axis to the side else, the 2nd-shot 
exposure is performed with the sense by the side of [ the side else to ] one. That is, a mutual 
scan is performed. Thus, the stepping actuation between shots and scan exposure actuation of a 
shot are repeated, and the pattern of Reticle R is imprinted by the step and the scanning method 
by all the shot fields on Wafer W. Signs that a reticle pattern is imprinted by two or more shot 
field S on Wafer W are shown in drawing 1 3 . In the case of drawing 13, the shots per hour stored 
in a party is suitably made into even number and odd number so that the shot of an efficient 
perfect form may be obtained from one wafer. In addition, when amending the scale-factor error 
of the imprint image of a reticle pattern and shot (pattern already formed) about a scanning 
direction, the velocity ratio of the reticle stage RST under scan exposure and the wafer stage 
WST may be changed with the projection scale factor of projection optics PO. 
[0066] A reticle holder RH equips with a reticle surface deformation device RT. and it has the 
composition which makes deform into Z shaft orientations the part which the distortion of the 
pattern side of the reticle R which measured the distortion of the image imprinted on Wafer W 
through projection optics PO with measurement means, such as for example, the space image 
instrumentation FM, and held it with the reticle holder RH based on the measurement result has 
produced by the aligner 10 and the exposure approach which mentioned above. By this, an image 
can displace in the radiation direction of the approximate circle arc slit-like circular lighting field 
lA, the image on Wafer W can be moved in the direction which negates distortion, and only the 
part which distortion has produced can be amended. Therefore, it becomes possible to raise 
superposition precision as a result. 

[0067] Moreover, exposure light is made into the approximate circle arc slit-like EUV light EL, it 
has composition which imprints the pattern of Reticle R to Wafer W through the projection optics 
PO which consists only of Reticle R and the reflective mold optical element of a reflective mold, 
and it has the composition exposed by a scan and the repeat method by the above-mentioned 
aligner 10 and the exposure approach by carrying out the synchronized drive of a reticle stage ' 
RST and the wafer stage WST with the velocity ratio according to the scale factor of projection 
optics PO. By having the above-mentioned error correction function in such an aligner 10 the 
highly precise imprint of a very detailed pattern, for example, lOOnm, or the last shipment pattern 
not more than it becomes possible enough. 

[0068] Furthermore, the reticle surface deformation device RT has the composition equipped 
with actuators, such as a piezo-electric element, for example of making Z shaft orientations 
carrying out the attitude drive of two or more adsorption pins 37 holding Reticle R, and each 
adsorption pin 37. It becomes possible to make a part of reticle R transform into Z shaft 
orientations by this, and it becomes possible to ensure distortion amendment. Moreover, it 
becomes possible [ the distortion of a high spatial-frequency band etc. ] to amend certainly by 
[ which consist of two or more adsorption pins 37 in this way ] so to speak using the Mt. 
Tsurugi-like reticle surface deformation device RT. 

[0069] And by the above-mentioned exposure approach, the distortion of the image imprinted on 
Wafer W is beforehand measured with measurement means, such as the space image 
instrumentation FM. and after amending an image by the reticle surface deformation device RT 
based on the result, it has composition which imprints a pattern on Wafer W. Thus, subsequent 
exposure can be performed with a sufficient precision by performing the calibration of projection 
optics PO at the time of installation of an aligner 10 etc. 

[0070] Moreover, it is also possible to amend the drawing error of not only the distortion of 
projection optics PO but the reticle R by the aligner 10 and the exposure approach of a 
configuration as described above. Although pattern drawing of Reticle R is generally performed 
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by the electron beam, since, as for an electron beam, the location of a beam is changed with 
time amount by a temperature change etc., the pattern of the near has high possibility of 
carrying out location gap. It is possible to amend about the drawing error of such a reticle R as 
well as the above-mentioned distortion amendment. In addition, although distribution of the 
thickness of Reticle R appears as an error of the flatness of a reticle R front face as it is since 
the chuck of the reticle R is carried out by the tooth-back side in the reticle holder RH. gap of 
the image by this error can be amended similarly. Furthermore, although Wafer W may deform 
Wafer W at the time of heat treatment when piling up a pattern and burning and carrying out it. 
and the image on Wafer W may deform by this, it faces exposing by laying on top of this image, 
and it is also possible for it to make Reticle R side transform according to the Image which 
deformed, and to amend. 

[0071] the non-dense of the pattern [ Wafer / W ] consistency in one pattern besides this ~ 
densely, more, distribution of the stress which the film of Wafer W receives differs, consequently 
distortion of a high spatial-frequency band may occur Distortion of this wafer W can be detected 
by the alignment optical system (detection means) ALG, and it can also amend by making Reticle 
R transform by the reticle surface deformation device RT based on a detection result. 
[0072] In addition, since it verifies whether Reticle R displaced only the specified quantity in 
laser interferometers RIFZ1, RIFZ2, and RIFZ3 and was made to perform feedback control when 
Reticle R was made to transform by the reticle surface deformation device RT, amendment can 
be ensured. 

[0073] Moreover, in the above-mentioned reticle surface deformation device RT, since it is 
possible to fluctuate the projection scale factor of Reticle R if the variation rate of all the 
adsorption pins 37 is uniformly carried out to Z shaft orientations, it is also possible to use this 
as a scale-factor amendment device in a reticle stage RST. 

[0074] In addition, by imprinting the pattern (device pattern) of Reticle R to Wafer W, and 
manufacturing a device using an aligner 10 and the exposure approach which were mentioned 
above, where Reticle R was amended and an original precision is maintained, a device pattern will 
be imprinted by Wafer W. Therefore, it becomes possible to be stabilized and to manufacture the 
device of predetermined quality. 

[0075] In addition, although the piezo-electric element was mentioned as an example with the 
gestalt of the above-mentioned implementation as an actuator which drives the adsorption pin 
37. as long as it can drive, for example in precision of 1 micrometer which is excellent in 
responsibility and described Reticle R above, other things may be adopted suitably. Moreover, it 
is good also as a configuration which puts in order two or more adsorption members which 
replace with the adsorption pin 37 of an a large number book, and have a rectangular adsorption 
side, and arranges them. In this case, it is made, as for an adsorption member, for a long side to 
extend in the direction of a short hand of the circular lighting field lA. Since Reticle R is scanned 
along the direction of a short hand of the circular lighting field lA in an aligner 10 when 
performing scan exposure, it is possible to perform distortion amendment by the adsorption 
member of said rectangle as well as the above. 

[0076] In addition, in the gestalt of the above-mentioned implementation, considering as the 
following configurations is also possible. That is. in the circular lighting field lA to which the EUV 
light EL is irradiated, sequential deformation of the reticle R is carried out by the reticle surface 
deformation device RT, moving the pattern side of Reticle R to the EUV light EL in a reticle 
stage RST at the time of exposure, as shown in drawing 14 . When each adsorption pin 37 was 
fixed to the original location or the position, carry out the variation rate only of the 
predetermined adsorption pin 37 to Z shaft orientations. Reticle R is made to transform partially 
just before the exposure of the EUV light EL. the EUV light EL goes past and it more specifically 
separates from the circular lighting field lA until the EUV light EL is irradiated, the adsorption pin 
37 is returned to the original location. Also in such an exposure approach, it is possible to 
acquire the same effectiveness as the above. 

[0077] Moreover, in the gestalt of the above-mentioned implementation, although considered as 
the configuration which illuminates the EUV light EL in the circular lighting field lA, if it carries 
out increasing the number of sheets of the mirror which constitutes projection optics PO, for 
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example etc., it is possible to obtain a rectangle-like lighting field and, also in such a case, the 
same configuration as the above can be applied. However, it is desirable to have to make a scan 
late, since the reflection factor in a projection optics PO total will fall in fact if mirror number of 
sheets is increased, to lead to the fall of a throughput, therefore to constitute projection optics 
PO from minimum mirror number of sheets. 

[0078] For example, although the thing of a scan mold was mentioned as the example as an 
aligner 10, if projection optics is a non-calling cent rucksack, it can apply the technique of this 
invention, for example to the aligner of a step-and-repeat mold similarly at Reticle R side. 
Furthermore, if projection optics PO is also a non-calling cent rucksack at Reticle R side, any of 
a total reflection system, all refractive media, and reflective refractive media are sufficient, and 
the scale factor may be any of not only a contraction system but an actual size and an 
expansion system, in addition — although only the image surface side of projection optics PO 
shall be a tele cent rucksack ~ both a body side and the image surface ~ a tele cent — you 
may be rucksack optical system. Moreover, the configuration of the visual field of projection 
optics PO is also arbitrary, and good, and — the time of the exposure wavelength of the 
numerical aperture of projection optics PO being 13.4nm ~ N.A.>=0.1 and the time of N A>=0 12 
and exposure wavelength being 1 1.5nm desirably — N.A.>=0.8 — it is good in it being N.A>=0 1 
desirably. 

[0079] moreover, projection optics PO is a non-calling cent rucksack at Reticle R side also 
about the light source used as an exposure light with an aligner 10 — if it becomes — the higher 
harmonic wave of not only the EUV light EL but an ArF excimer laser (193nm). a KrF excimer 
laser (248nm). F2 laser (157nm), Ar2 laser, or YAG laser metallurgy group steamy laser — 
charged-particle lines, such as an ion beam, can also be used further. Moreover, it is possible to 
apply the technique of this invention to the projection aligner and the thin film magnetic head for 
the liquid crystal which imprints device patterns, such as a liquid crystal display component or a 
plasma display, on the glass plate of a square shape, an image sensor (CCD), the aligner for 
manufacturing a reticle or a mask further, etc. widely for example, without being limited to the 
thing for semi-conductor manufacture as a class of aligner. 

[0080] It cannot be overemphasized that it is good also as what combined suitably alternatively a 
configuration which may adopt what kind of configuration and was described above besides this 
when it was within the limits which does not deviate from the main point of this invention. 
L0081 J 

[Effect of the Invention] As explained above, according to the aligner concerning claim 1 , it has 
the composition of having had a deformation means to make the pattern side side of said mask 
transform into the maintenance device in which a mask is held, partially. By making it move in 
the direction which is made to transform a mask partially with a deformation means, and negates 
distortion for the image on a wafer by this, distortion can be amended and it becomes possible to 
raise superposition precision as a result. 

[0082] According to the aligner concerning claim 2. the deformation means has composition 
equipped with two or more pins holding a mask, and the driving means made to carry out an 
attitude drive in the direction which carries out the abbreviation rectangular cross of each pin in 
a pattern side. Thereby, it becomes possible to make a mask transform partially. Moreover it 
becomes possible [ the distortion of a high spatial-frequency band ] such by so to speak using a 
Mt. Tsurugi-like deformation means to amend certainly. 

[0083] Since it has composition to which the synchronized drive of a mask stage and the 
substrate stage is carried out with the velocity ratio according to the scale factor of projection 
optics with a driving gear according to the aligner concerning claim 3, scan exposure can be 
performed in an aligner. Moreover, according to the aligner concerning claim 4, it has the 
composition that projection optics is catoptric system and exposure light is an approximate 
circle arc slit-like. And according to the aligner concerning claim 5. it has composition which 
makes exposure light Extreme Ultra Violet light. Thereby, by making a mask scan to approximate 
circle arc slit-like EUV light, an aligner serves as a configuration imprinted on a substrate 
through the projection optics which the pattern of a mask becomes only from a reflected light 
study component, therefore the highly precise imprint of a very detailed pattern, for example. 
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lOOnm, or the last shipment pattern not more than it, 70 morenm, or the isolated pattern not 
more than it of it is attained. 

[0084] According to the aligner concerning claim 6. distortion can be amended with a sufficient 
precision by measuring the error of the image imprinted on a substrate with a measurement 
means, and making a pattern side transform with a deformation means based on the result. 
[0085] According to the aligner concerning claim 7, it has a detection means to detect the 
positional information of the pattern side about the direction of an optical axis of projection 
optics, and with a deformation means, it has composition made to transform a pattern side based 
on the detected positional information, and this can also perform distortion amendment with a 
sufficient precision. 

[0086] According to the exposure approach concerning claim 8, it has composition which amends 
the image which is made to transform the pattern side of a mask partially and is imprinted on a 
substrate. Moreover, according to the exposure approach concerning claim 9. it has composition 
which measures the distortion of the image imprinted on a substrate with a measurement means, 
and amends an image with a deformation means based on the result. Only the part which 
distortion etc. has produced can be amended by making by this the part corresponding to the 
part which distortion etc. has produced deform partially with a deformation means, and moving 
the image on a wafer in the direction which negates distortion etc. Therefore, it becomes 
possible to raise superposition precision as a result. 

[0087] According to the exposure approach concerning claim 10. the error of the image imprinted 
on a substrate is measured beforehand, and after a deformation means amends an image based 
on the result, it has composition which imprints a pattern on a substrate. Thus, subsequent 
exposure can be performed with a sufficient precision by performing the calibration of projection 
optics at the time of installation of an aligner etc. 

[0088] According to the exposure approach concerning claim 1 1 , exposure light has the 
composition of carrying out sequential deformation of the part currently irradiated by the pattern 
side, with the deformation means, moving a pattern side to exposure light. Thereby, when 
performing scan exposure, deformation amendment of a reticle while scanning can be performed. 
[0089] According to the exposure approach concerning claim 12, it has the composition of 
changing the exposure location of the approximate circle arc slit~like exposure light to a pattern 
side in the radiation direction to the core of a radii slit, by making projection optics into catoptric 
system, and making exposure light into the shape of an approximate circle arc slit, and making a 
pattern side transform with a deformation means. Thereby, EUV etc. can amend distortion by the 
non-calling cent rucksack by the reticle side especially at the time of the exposure using a 
reflective mold optical element. 

[0090] According to the device manufacture approach concerning claim 1 3. it has composition 
including the process which imprints a device pattern on a sensitization substrate using the 
aligner of a publication to either of claims 1-7. By manufacturing a device with such an aligner, 
where the precision of mask original is maintained by amendment, a device pattern will be 
imprinted on a sensitization substrate. Therefore, it becomes possible to be stabilized and to 
manufacture the device of predetermined quality. 

[0091] According to the device manufacture approach concerning claim 14. it has composition 
including the process which imprints a device pattern on a sensitization substrate using the 
exposure approach of a publication to either of claims 8-1 2. By manufacturing a device using 
such an exposure approach, where it was amended and the precision of mask original is 
maintained, a device pattern will be imprinted on a sensitization substrate. Therefore, it becomes 
possible to be stabilized and to manufacture the device of predetermined quality. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing roughly the configuration of the aligner in the operation gestalt 
of the aligner concerning this invention, the exposure approach, and the device manufacture 
approach. 

[Drawing 2] It is drawing showing a configuration for the interior of the light equipment of drawing 
[Drawing 3] It is the left side view of the light equipment of drawing 2 . 

[Drawing 4] It is drawing showing each part of a configuration near the reticle stage of drawing 1 
in a detail. 

[Drawing 5] It is the outline top view of a reticle. 

[Drawing 6] It is drawing showing the reticle surface deformation device with which the reticle 
stage was equipped, and is the perspective view and sectional view in the condition of having 
seen said device from the lower part. 

[Drawing 7] It is drawing showing the variation rate of the image by said deformation device. 
[Drawing 8] It is drawing for explaining the reason which the variation rate of said image 
produces. 

[Drawing 9] It is the top view showing the slit plate of drawing 1 , and an example of the drive. 
[Drawing 10] It is drawing showing the internal configuration of the projection optics of drawing 1 
roughly. 

[Drawing 11] It is drawing for explaining the interferometer structure of a system which 
measures the location within XY flat surface of a reticle stage and a wafer stage. 
[Drawing 12] The top view in which (a) shows a space image measuring instrument, and (b) are 
the side elevations showing the space image measuring instrument of (a). 

[Drawing 13] A reticle pattern is drawing showing signs that two or more shot field on a wafer 
imprints. 

[Drawing 14] It is drawing showing other exposure approaches in said reticle surface deformation 
device. 

[Description of Notations] 
10 Aligner 

34 62 Magnetic levitation mold two-dimensional linear actuator (driving gear) 
ALG Alignment optical system (detection means) 
EL EUV light (exposure light) 

FM Space image measuring instrument (measurement means) 
PO Projection optics 
R Reticle (mask) 

RH Reticle holder (maintenance device) 
RST Reticle stage (mask stage) 

RT Reticle surface deformation device (deformation means) 
W Wafer (a substrate, sensitization substrate) 
WST Wafer stage (substrate stage) 
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DRAWINGS 



[Drawing 11 



z 





RST 



[Drawing 21 



[Drawing 3] 




[Drawing 41 



3/6 ^—iy 





[Drawing 121 




[Translation done.] 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SfflES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

ETcOLOR or black and WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



